The physiological motor activity of the colon is less well understood than that of any gastrointestinal viscus 2as most studies of colonic motor activity are limited to the rectosigmoid area because of the relative inaccessibility of the colon in vivo, and are generally limited to very short observation periods.
The purpose of the present study was to evaluate the characteristics of the motor activity of the transverse, descending, and sigmoid colon in healthy subjects during a 24 hour recording period.
Methods

SUBJECTS
Studies were done in 14 healthy volunteers, (11 men), aged 20-32 years. Written informed consent was obtained from all volunteers. All the subjects had on the average one bowel movement per day and no previous abdominal surgery. All denied having bowel irregularities, abdominal pain, or distention.
Bowel cleansing was done with magnesium sulphate 30 g administered orally 36 hours before colonoscopy. After the cathartic the subjects ate semiliquid low residue meals for 24 hours and fasted for the remiaining 12 hours before endoscopy. Premedication for colonoscopy consisted of diazepam, 10 mg iv. At 8 am after an overnight fast a multilumen manometric catheter was passed up to the transverse colon with the aid of a colonoscope. The manometric catheter was introduced up to the transverse colon by advancing it together with the colonoscope, the tip of the probe being fixed to the tip of the colonoscope by a silk thread held by biopsy forceps maintained inside the operative channel of the colonoscope. When the hepatic flexure was reached the tip of the catheter was released and the colonoscope gently withdrawn, leaving the catheter in situ. After completion of colonoscopy the subjects remained recumbent or seated until 1130 am when the position of the probe was checked radiologically. The tip of the catheter was observed at the hepatic flexure in 11 subjects; it was near the splenic flexure in the remaining three. The position of the catheter was again checked at the end of the study (total radiation exposure to the gonads: z30 mrem). No 
Results
QUANTITATIVE ANALYSIS
The motility index of the transverse, descending and sigmoid colon fluctuated widely during the study ( Fig. 1) . At all the colonic levels the motility index was low before lunch and dinner, and minimal during the night. The index increased significantly after eating and after the morning awakening. No significant differences were found in the response to the two meals. During the night (arbitrarily defined as the time between 10 pm and 6 am), periods of complete motor quiescence (absence of contractions at all the recording points) were significantly longer than during a preceding period (from 2 pm to 10 pm) at all the three colonic segments (Fig. 2 ). There were no significant differences between the transverse, descending, and sigmoid colon with respect to the motility index and periods of motor quiescence. (Fig. 4) , or at six to eight/min (Fig. 5) The appearance of one high amplitude contraction at one site was always followed some seconds later by a similar contraction at the next and then at a third aboral recording site (Fig. 6 ). All the high amplitude contractions were propagated peristaltically and termed high amplitude propagated contractions, or HAPC. None of these contractions propagated antiperistaltically.
The visual identification of HAPC was always easy, given their amplitude which did not overlap with the other contractions and their unequivocal propagation over at least three recording sites. Their mean amplitude was 158±21 mmHg and the mean propagation velocity was 0)9±0*4 cm/sec. The origin of HAPC was generally in the transverse colon (transverse and descending colon recordings) and often they propagated to the proximal, or even the distal sigmoid colon (descending and sigmoid colon recordings). Occasionally one HAPC was followed one or two minutes later by a second and occasionally by a third HAPC. When recorded during a period of non-propagated bursts of contractions, a short phase of inhibition of the nonpropagated burst occurred immediately before the HAPC.
High amplitude propagated contractions were recorded in all but two subjects during the study. Their mean frequency was of 4 4 HAPC/subject/ 24 hours. Most of the HAPC occurred after the morning awakening, but some also occurred in the late postprandial period (Fig. 7) . When a HAPC appeared every subject experienced a mild abdominal discomfort or a desire to defecate stimulus. Twenty five per cent of the HAPCs were felt as an urge to defecate, and two subjects defecated immediately after HAPC (Fig. 8) .
Discussion
The colon is a neglected viscus concerning studies of its motor activity proximal to the rectosigmoid. the recording technique used in this study data were obtained concerning the motor activity of the transverse, descending and sigmoid colon. Although care was taken to minimise interference with colonic motility by preparation for colonoscopy, it is likely that physiological basal conditions were not present, because the colons were empty and the subjects ate low residue meals. Secondly, colonic motor activity was recorded with the subjects recumbent throughout the study. These conditions must be taken into account and suggest caution in extrapolation of these results.
Despite some criticism,2 6 the use of open ended catheters perfused by low compliance infusion systems is a useful tool for recording intraluminal pressures from the small and the large bowel.7 8 Whether it records all, or only part of contractile activity remains to be determined. In this study colonic motor activity recorded over 24 hours was characterised by irregular alternation of quiescences, sporadic non-propagating contractions, non-propagating bursts of contractions and high amplitude propagated contractions (HAPC). Regular cyclic motor activity was not observed. Unlike in the small bowel, the alternation of phases of motor quiescence with activity in fasting and fed states was irregular and unpredictable, suggesting that colonic motility is not governed by a rhythmic interdigestive pattern. A similar distribution of motor activity has been reported previously in the distal colon of healthy subjects.7 9 At all the three colonic segments investigated motor activity was chiefly represented by low amplitude, non-propulsive segmental contractions, while peristalsis, although vigorous, occurred seldom. These findings are similar to those found in early investigations performed using time lapse cinematography. Ritchie" observed segmental contractions capable of pushing contents either antegrade or retrograde, over short distances. These segmental contractions might slow colonic transit. We hypothesise that the prevalent non-propulsive motor activity: the non-propagated sporadic and bursts of contractions might be the manometric equivalent of segmental contractions observed by cineradiography.
Radiological studies also suggested that colonic contents can be transported in a retrograde direction.12 13 '8 In the present study unequivocal spontaneous peristaltic activity was recorded from the transverse, descending and sigmoid colon. These peristaltic contractions were always easily differentiated on visual analysis from other contractions because of their unique characteristics, which comprise high amplitude and unequivocal propagation over long distances. The high amplitude propagated contractions had characteristics strikingly similar to those reported in older radiological studies reporting mass movements. The peristaltic activity was rare, with a mean frequency of four per subject per 24 h, and a propagation velocity of 1 cm/sec; they always travelled towards the anus. The high amplitude peristaltic contractions were often associated with an urge to defecate or preceded defecation. It is therefore probable that high amplitude peristaltic contractions are the manometric equivalent of mass movements.
During the 24 hours colonic motility fluctuated widely and these fluctuations were mainly related to the fasting/eating or sleeping/awakening periods. As in previous studies,3 4 1 the motor activity of the distal colon promptly increased in response to high caloric mixed meals. The present data show that a similar response to eating also occurs in the descending and transverse colon. This response was characterised by non-propagating motor activity, while peristaltic contractions appeared a few hours after eating and after meal related colonic stimulation had waned. These late postprandial high amplitude propagated contractions might be promoted by the colonic distention because of the arrival new faeces in the colon. 21 We have recently reported that colonic distention with a balloon can promote high amplitude propagated contractions.21
The low caloric breakfast was also followed by enhanced motor activity but this response should be interpreted with caution as the recent stimulus produced by morning awakening might not have terminated at that time.
Finally, sleep was nearly always associated with a sharp inhibition of colonic motor activity (Figs 1  and 2) . Similarly, an early study reported an inhibition of colonic motility during drug induced naps, while the following awakenings were associated with enhanced motor activity. 22 In summary, colonic motor activity is mainly represented by non-propagating contractions, occurring either sporadically or in bursts; colonic peristalsis is infrequent, but vigorous, and has characteristics strongly suggesting it could be the manometric equivalent of the mass movements; eating and morning awakening are m, ajor stimuli in eliciting colonic motility. 
